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(54) Electric steering system with speed reducer 

(57) An electric power assist rack and pinion steer- 
ing system (10) for a vehicle includes a rack (14) mov- 
able linearly to effect steering movement of steerable 
wheels (16) of the vehicle. A first pinion (30) in engage- 
ment with the rack (14) is connected with the vehicle 
steering wheel (12) for rotation about a first axis (32) to 
move the rack linearly in response to rotation of the ve- 



hicle steering wheel. An electric assist motor (40) has a 
shaft (42) rotatable about a second axis (52) spaced 
along the rack (14) from the first axis (32). A second 
pinion (50) in engagement with the rack (14) is rotatable 
about the second axis (52) by the motor (40). A cycloidal 
speed reducer (60) is connected between the motor 
shaft (42) and the second pinion (50). 
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Description 

Background of the invention 

[0001] A rack and pinion vehicle steering system in- 
cludes a rack which is movable linearly to effect turning 
movement of the steerabte wheels of the vehicle. In one 
type of rack and pinion steering system, the rack ex- 
tends axially through an electric assist motor. Actuation 
of the motor rotates a ball nut which is engaged with a 
screw portion of the rack. The rotating ball nut drives the 
rack linearly. The ball nut acts as a speed reducer be- 
tween the motor and the rack. 

[0002] In another type of electrically powered steering 
system, the vehicle steering wheel is connected for ro- 
tation with a first pinion. An electric assist motor drives 
a second pinion which is spaced along the rack from the 
first pinion. A separate speed reducer, such as a helical 
gear speed reducer, is interposed between the motor 
and the second pinion. 

Summary of the Invention 

[0003] The present invention is an electric power as- 
sist rack and pinion steering system for a vehicle having 
steerable wheels movable upon rotation of a vehicle 
steering wheel. The system comprises a rack movable 
linearly to effect steering movement of the steerable 
wheels of the vehicle. A first pinion in engagement with 
the rack is connected with the vehicle steering wheel for 
rotation about a first axis to move the rack linearly in 
response to rotation of the vehicle steering wheel. An 
electric assist motor has a shaft rotatable about a sec- 
ond axis spaced along the rack from the first axis. A sec- 
ond pinion is in engagement with the rack and is rotat- 
able about the second axis by the motor. A cycloidal 
speed reducer is connected between the motor shaft 
and the second pinion. 

Brief Description of the Drawings 

[0004] The foregoing and other features of the 
present invention will become apparent to one skilled in 
the art to which the present invention relates upon con- 
sideration of the following description of the invention 
with reference to the accompanying drawings, wherein: 

Fig. 1 is a schematic view, partially in section, of a 
steering system including a cycloidal speed reducer 
in accordance with the present invention; 
Fig. 2 is a longitudinal sectional view of the speed 
reducer of Fig. 1; 

Fig. 3 is a radial sectional view of the speed reducer 
of Fig. 1; 

Fig. 4 is a plan view of a balancer which forms a 
part of the speed reducer of Fig. 1 ; and 
Fig. 5 is a view, similar to Fig. 2, of a speed reducer 
constructed in accordance with a second embodi- 
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ment of the present invention. 
Description of Preferred Embodiments 

5 [0005] The present invention relates to an electrically 
powered vehicle steering system in which an electric as- 
sist motor rotates a pinion to effect movement of a rack. 
The present invention is applicable to various steering 
system constructions. 

w [0006] As representative of the present invention, Fig. 

1 illustrates schematically a power assist steering sys- 
tem 1 0 for a vehicle. The steering system 1 0 includes a 
driver-operated steering wheel 12 operatively connect- 
ed to a steering member or rack 14. The steering mem- 

15 ber 14 is coupled with the steerable wheels 16 of the 
vehicle through steering linkage (not shown) such as tie 
rods. 

[0007] The steering member 1 4 includes a plurality of 
rack teeth 20. The rack teeth 20 on the steering member 

20 1 4 are in meshing engagement with gear teeth 22 on a 
first pinion 30. The first pinion 30 is rotatable about a 
first axis 32 of the steering system 10. 
[0008] The vehicle steering wheel 1 2 is connected for 
rotation with an input shaft 34 which extends into a 

25 torque sensor housing 36. The torque sensor housing 
36 encloses a torque sensor indicated schematically at 
38. The input shaft 34 is also mechanically coupled by 
a torsion bar (not shown), in a known manner, to the first 
pinion 30 

30 [0009] The torque sensor 38 is operative in a known 
manner to help control the operation of an electric assist 
motor 40. The motor 40 has an output shaft or motor 
shaft 42 (Fig. 2) which is rotatable, upon actuation of the 
electric motor, to rotate a second pinion 50 about a sec- 

35 ond axis 52. The second axis 52 is spaced along the 
rack 14 from the first axis 32. The second pinion 50 has 
gear teeth in meshing engagement with the rack teeth 
20 on the steering member 14. 

[0010] The steering system 10 includes a cycloidal 
^o speed reducer 60 for reducing the speed of rotation of 
the second pinion 50 as compared to the speed of rota- 
tion of the motor shaft 42. The speed reducer 60 (Figs. 

2 and 3) includes a housing 62. The speed reducer 
housing 62 has a main body portion 64. The speed re- 

45 ducer housing 62 also includes a portion of a rack hous- 
ing 66 which at least partially encloses the rack 1 4 (the 
rack housing is not shown in Fig. 1 ). The speed reducer 
housing 62 also includes an end cap 68 which may be 
an end cap, or other portion, of the motor 40. A bearing 

50 69 in the end cap 68 supports the motor shaft 42 for 
rotation relative to the end cap. A plurality of bolts 71 
secure the various portions of the housing 62. 
[0011] The speed reducer 60 includes a first gear or 
fixed gear 70. The fixed gear 70 comprises a plurality of 

55 fixed gear teeth 72. In the illustrated embodiment, the 
fixed gear teeth 72 are cylindrical pins having axes ex- 
tending parallel to the second axis 52. The pins 72 are 
mounted in a circular array on the inside of the main 
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body portion 64 of the housing 62. The array of gear 
teeth 72 is centered on the second axis 52. 
[001 2] The speed reducer 60 includes a drive bearing 
80. The drive bearing 80 includes a cam 82 (Fig. 3) 
which is secured to the motor shaft 42 by a key 54 for 
rotation with the motor shaft about the second axis 52. 
The cam 82 has a circular outer periphery 84 centered 
on an eccentric axis 86. The eccentric axis 86 is spaced 
apart from and extends parallel to the second axis 52. 
A circular roller bearing 88 is rotatable on the outer pe- 
riphery 84 of the cam 82. 

[0013] The speed reducer 60 includes a second or 
movable gear in the form of a drive gear 90 journalled 
on the roller bearing 88. The drive gear 90 has a flat, 
disc-like configuration and is disposed radially inward of 
the fixed gear 70. The drive gear 90 has a cylindrical 
inner peripheral surface 92 supported on the roller bear- 
ing 88. 

[0014] The drive gear 90 includes a set of gear teeth 
94 formed on the outer periphery 96 of the drive gear. 
Because the drive gear 90 is movable in the housing 62, 
the gear teeth 94 on the drive gear are movable relative 
to the fixed gear teeth 72 on the housing. The movable 
gear teeth 94 on the drive gear 90 are disposed in a 
circular array which is concentric with the inner periph- 
eral surface 92 of the drive gear. The number of movable 
gear teeth 94 on the drive gear 90 is one less than the 
number of fixed gear teeth 72 on the fixed gear 70. 
[0015] The outer diameter of the drive gear 90 is se- 
lected so that the cam 80 and the roller bearing 88 urge 
the drive gear 90 radially outward, at the apex of the 
cam, into meshing engagement with the fixed gear teeth 
72 on the housing 62. The gears 70 and 90 engage at 
one location around the fixed gear 70, for example, to 
the top as viewed in Fig. 3 when the parts are in the 
position shown in Fig. 3. Because the drive gear 90 is 
mounted on the cam 80, the center of mass of the drive 
gear 90 is eccentric to the second axis 52. 
[0016] A circular array of drive openings 110 is formed 
in the drive gear 90. The drive openings 110 are circular 
in configuration and are located radially between the in- 
ner and outer peripheries 92 and 96 of the drive gear. 
The array of drive openings 110 is concentric with the 
inner peripheral surface 92 of the drive gear 90. 
[0017] The speed reducer 60 includes an output 
member 100 (Fig. 2). The output member 100 is fixed 
for rotation with the second pinion 50. The output mem- 
ber 100 may, if desired, be formed as one piece with the 
second pinion 50. A bearing 102 in the housing 62 sup- 
ports the output member 100 for rotation relative to the 
housing about the second axis 52. 
[0018] The output member 100 includes a circular ar- 
ray of cylindrical drive pins 1 04 which project axially from 
a main body portion 106 of the output member in a di- 
rection toward the drive gear 90. On each one of the 
drive pins 104 is journalled a bearing 108, such as a 
sleeve bearing. The drive pins 104 and the bearings 108 
on the output member 100 are received in the drive 



4 

openings 98 in the drive gear 90. The drive openings 
110 in the drive gear 90 are larger in diameter than the 
bearings 1 08 on the drive pins 1 04, to accommodate the 
orbital movement of the drive gear about the second ax- 
5 is 52. 

[001 9] A balancer 1 20 is keyed to the motor shaft 42, 
on the opposite side of the drive gear 90 from the bear- 
ing 69. The balancer 120 has a center of mass which is 
eccentric to the second axis 52. The center of mass of 

10 the balancer 1 20 is located 1 80 degrees about the sec- 
ond axis 52 from the center of mass of the cam 80 and 
the drive gear 90. The balancer 1 20 minimizes vibration 
of the speed reducer 60 due to eccentric movement of 
the cam 80 and the drive gear 90 about the second axis 

is 52. 

[0020] Upon rotation of the vehicle steering wheel 12 
by the driver of the vehicle, vehicle electric circuitry, in- 
cluding the torque sensor 38, determines whether the 
motor 40 should be operated to provide steering assist 
20 to move the steering member 14. If the motor 40 is op- 
erated, the motor shaft 42 is driven for rotation about the 
second axis 52. 

[0021] The cam 82, which is keyed to the motor shaft 
42, rotates about the second axis 52 in response to ac- 

25 tuation of the motor 40. The rotational movement of the 
cam 82 is transmitted through the roller bearing 88 to 
the drive gear 90. The drive gear 90 orbits and rotates 
about the second axis 52, in a known manner. 
[0022] The drive gear 90 moves relative to the fixed 

30 gear 70, by one tooth, for each rotation of the cam 82 
about the second axis 52. In the illustrated embodiment, 
the drive gear 90 has twenty-nine gear teeth 94 while 
the fixed gear 70 has thirty gear teeth 72. Thus, twenty- 
nine rotations of the motor shaft 42 and the cam 82 

25 about the second axis 52 result in one orbit of the drive 
gear 90 about the second axis. 

[0023] The orbital and rotational movement of the 
drive gear 90 is transmitted through the bearings 108 
and the drive pins 104 to the output member 100. The 

40 output member 100 rotates about the second axis 52 
once for each rotation of the drive gear 90 about the 
second axis. In the illustrated embodiment, therefore, 
twenty-nine rotations of the motor shaft 42 and the cam 
82 produce one rotation of the output member 100 about 

45 the second axis 52. 

[0024] The second pinion 50 rotates with the output 
member 1 00 about the second axis 52. Rotation of the 
second pinion 50 effects linear movement of the rack 1 4 
and turning movement of the steerable wheels 16 of the 

50 vehicle. 

[0025] The cycloidal speed reducer 60 is smaller in 
diameter than a helical gear speed reducer having the 
same load capacity and reduction ratio. This results be- 
cause the diameter ratio between meshing gears deter- 
55 mines the reduction ratio in a helical gear speed reducer. 
A relatively high reduction ratio, such as twenty-nine to 
one, requires a relatively large diameter helical gear 
speed reducer. 
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[0026] The cycloidal speed reducer 60 also is sub- 
stantially shorter than other speed reducers of the same 
load capacity and reduction ratio. This reduced axial 
length is important because the stack height of the 
speed reducer, that is, the axial extent of the reducer s 
between the assist motor and the second pinion, is a 
critical dimension in providing efficient packaging of an 
electrically assisted steering system. 
[0027] The cycloidal speed reducer 60 has a relatively 
high load capacity because there are multiple gear teeth 10 
(up to between seven and nine) in at least partial contact 
at all times. In addition, the drive gear 90 has straight 
tooth profiles, which are relatively inexpensive to man- 
ufacture. The drive gear 90 can be molded from plastic 
rather than made from metal, to reduce cost and weight 1& 
as needed for an application such as a small car. Making 
the drive gear 90 from plastic rather than metal is ac- 
ceptable because the load is shared over a greater 
number of teeth 94 as compared to other designs of 
speed reducers. 20 
[0028] Fig. 5 illustrates a speed reducer 60a con- 
structed in accordance with a second embodiment of the 
present invention. The speed reducer 60a is generally 
similar in construction and operation to the speed reduc- 
er 60 illustrated in Figs. 1-4. Parts of the speed reducer 25 
60a which are the same as or similar to corresponding 
parts of the speed reducer 60 are given the same refer- 
ence numerals with the suffix "a" added for clarity. 
[0029] The speed reducer 60a includes a second 
drive gear 90b and a second drive bearing 80b, rather 30 
than only one drive gear and a balancer. The drive gear 
90b has a center of mass which is located 180 degrees 
about the second axis 52a from the center of mass of 
the drive gear 90a. The drive gear 90b has external gear 
teeth 94b which are in meshing engagement with the 35 
fixed gear teeth 72a at an area 180 degrees about the 
second axis 52a from the area of engagement between 
the drive gear 90a and the fixed gear teeth. 
[0030] The drive pins and bearings 1 04a and 1 08a of 
the output member 100a are lengthened to receive the 40 
driving force of both drive gears 90a and 90b. The speed 
reducer 60a, because it has two drive gears rather than 
only one, can transmit more load than the speed reducer 
60, without an increase in overall size. Both drive gears 
90a and 90b can be made from plastic rather than metal. 
[0031] From the above description of the invention, 
those skilled in the art will perceive improvements, 
changes and modifications in the invention. Such im- 
provements, changes and modifications within the skill 
of the art are intended to be covered by the appended so 
claims. 

[0032] According to its broadest aspect the invention 
relates to an electric power assist rack and pinion steer- 
ing system for a vehicle having steerable wheels mov- 
able upon rotation of a vehicle steering wheel, said sys- 55 
tern comprising: a rack movable linearly to effect steer- 
ing movement of the steerable wheels of the vehicle; a 
first pinion in engagement with said rack and connected 
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with the vehicle steering wheel for rotation about a first 
axis to move said rack linearly in response to rotation of 
the vehicle steering wheel; and an electric assist motor 
having a shaft rotatable about a second axis spaced 
along said rack from the first axis. 
[0033] It should be noted that the objects and advan- 
tages of the invention may be attained by means of any 
compatible combination(s) particularly pointed out in the 
items of the following summary of the invention and the 
appended claims. 

SUMMARY OF THE INVENTION 

[0034] 

1 . An electric power assist rack and pinion steering 
system for a vehicle having steerable wheels mov- 
able upon rotation of a vehicle steering wheel, said 
system comprising: 

a rack movable linearly to effect steering move- 
ment of the steerable wheels of the vehicle; 
a first pinion in engagement with said rack and 
connected with the vehicle steering wheel for 
rotation about a first axis to move said rack lin- 
early in response to rotation of the vehicle 
steering wheel; 

an electric assist motor having a shaft rotatable . 
about a second axis spaced along said rack 
from the first axis; 

a second pinion in engagement with said rack 
and rotatable about said second axis by said 
motor; and 

a cycloidal speed reducer connected between 
said motor shaft and said second pinion. 

2. A steering system wherein said cycloidal speed 
reducer comprises: 

a first gear; 

a second gear in meshing engagement with 
said first gear, said second gear being rotatable 
and orbital relative to said first gear; 
an eccentric drive member fixed for rotation 
with said motor shaft about said second axis, 
said drive member supporting said second gear 
for orbital movement about said second axis; 
an output member fixed for rotation with said 
second pinion about said second axis; and 
means for effecting rotation of said output 
member about said second axis in response to 
orbital movement of said second gear about 
said second axis. 

3. A steering system wherein said means for effect- 
ing rotation comprises an array of drive pins on said 
output member which project axially into drive 
openings in said second gear, said drive openings 
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being larger than said drive pins. 

4. A steering system wherein said second gear is 
made from plastic. 

5 

5. A steering system wherein said second gear 
comprises a pair of axially spaced drive gears ro- 
tatable with each other about said second axis, 
each one of said drive gears having a center of 
mass eccentric from said second axis, the centers 10 
of mass of said drive gears being offset from each 
other 180 degrees about said second axis. 

6. A steering system wherein said cycloidal speed 
reducer includes a housing having a set of internal is 
gear teeth, and a first drive gear supported for ro- 
tational and orbital movement about said second 
axis, said first drive gear including a set of external 
gear teeth, said external gear teeth numbering one 
less than said internal gear teeth on said housing. 20 

7. A steering system having a reduction ratio of 
about twenty-nine to one. 

8. An electric power assist rack and pinion steering 25 
system for a vehicle having steerable wheels mov- 
able upon rotation of a vehicle steering wheel, said 
system comprising: 

a rack movable linearly to effect steering move- 30 
ment of the steerable wheels of the vehicle; 
a first pinion in engagement with said rack and 
connected with the vehicle steering wheel for 
rotation about a first axis to move said rack lin- 
early in response to rotation of the vehicle 35 
steering wheel; 

an electric assist motor having a shaft rotatable 
about a second axis spaced along said rack 
from the first axis; 

a second pinion in engagement with said rack 40 
and rotatable about said second axis by said 
motor; and 

a speed reducer connected between said mo- 
tor shaft and said second pinion, said speed re- 
ducer comprising: 45 
a housing having a plurality of internal gear 
teeth disposed in a circular array centered on 
said axis; 

a first drive gear disposed radially inward of 
said gear teeth on said housing, said first drive so 
gear having external gear teeth in meshing en- 
gagement with said internal gear teeth on said 
housing; 

an eccentric drive bearing disposed radially in- 
ward of said first drive gear and supporting said 55 
first drive gear in said housing for orbital move- 
ment about said second axis, said eccentric 
drive bearing being fixed for rotation with said 



motor shaft about said second axis; 
an output member supported in said housing 
for rotation about said second axis, said second 
pinion being fixed to said output member for ro- 
tation with said output member about said sec- 
ond axis; and 

means for effecting rotation of said output 
member about said second axis in response to 
orbital movement of said, first drive gear about 
said second axis. 

9. A steering system wherein said motor includes a 
housing which at least partially encloses said speed 
reducer. 

10. A steering system wherein said means for ef- 
fecting rotation comprises an array of drive pins on 
said output member which project axially into drive 
openings in said drive gear, said drive openings be- 
ing larger than said drive pins. 

11. A steering system including a rack housing at 
least partially enclosing said rack, said output mem- 
ber being supported for rotation in said rack hous- 
ing. 

12. A steering system wherein said drive gear is 
made from plastic. 

1 3. A steering system including a second drive gear 
spaced axially from said first drive gear, each one 
of said first and second drive gears having a center 
of mass eccentric from said second axis, the center 
of mass of said first drive gear being offset 180 de- 
grees about said second axis from the center of 
mass of said second drive gear. 

14. A steering system including a set of movable 
gear teeth formed on an outer periphery of said 
drive gear, said movable gear teeth numbering one 
less than said internal gear teeth on said housing. 

15. A steering system wherein said output member 
rotates once about said second axis for each twen- 
ty-nine rotations of said motor shaft about said sec- 
ond axis. 



Claims 

1. An electric power assist rack and pinion steering 
system for a vehicle having steerable wheels mov- 
able upon rotation of a vehicle steering wheel, said 
system comprising: 

a rack movable linearly to effect steering move- 
ment of the steerable wheels of the vehicle; 
a first pinion in engagement with said rack and 
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connected with the vehicle steering wheel for 
rotation about a first axis to move said rack lin- 
early in response to rotation of the vehicle 
steering wheel; 

an electric assist motor having a shaft rotatable s 
about a second axis spaced along said rack 
from the first axis; 

a second pinion in engagement with said rack 
and rotatable about said second axis by said 
motor; and io 
a cycloidal speed reducer connected between 
said motor shaft and said second pinion. 

2. A steering system as set forth in claim 1 wherein 
said cycloidal speed reducer comprises: 

a first gear; 

a second gear in meshing engagement with 
said first gear, said second gear being rotatable 
and orbital relative to said first gear; 20 
an eccentric drive member fixed for rotation 
with said motor shaft about said second axis, 
said drive member supporting said second gear 
for orbital movement about said second axis; 
an output member fixed for rotation with said 25 
second pinion about said second axis; and 
means for effecting rotation of said output 
member about said second axis in response to 
orbital movement of said second gear about 
said second axis. so 

3. A steering system as set forth in claim 2 wherein 
said means for effecting rotation comprises an array 
of drive pins on said output member which project 
axially into drive openings in said second gear, said 3S 
drive openings being larger than said drive pins. 

4. A steering system as set forth in claim 1 wherein 
said second gear is made from plastic. 

40 

5. A steering system as set forth in claim 1 wherein 
said second gear comprises a pair of axially spaced 
drive gears rotatable with each other about said 
second axis, each one of said drive gears having a 
center of mass eccentric from said second axis, the 4S 
centers of mass of said drive gears being offset from 
each other 180 degrees about said second axis. 

6. A steering system as set forth in claim 1 wherein 
said cycloidal speed reducer includes a housing &> 
having a set of internal gear teeth, and a first drive 
gear supported for rotational and orbital movement 
about said second axis, said first drive gear includ- 
ing a set of external gear teeth, said external gear 
teeth numbering one less than said internal gear ss 
teeth on said housing. 

7. A steering system as set forth in claim 1 having a 



reduction ratio of about twenty-nine to one. 

8. An electric power assist rack and pinion steering 
system for a vehicle having steerable wheels mov- 
able upon rotation of a vehicle steering wheel, said 
system comprising: 

a rack movable linearly to effect steering move- 
ment of the steerable wheels of the vehicle; 
a first pinion in engagement with said rack and 
connected with the vehicle steering wheel for 
rotation about a first axis to move said rack lin- 
early in response to rotation of the vehicle 
steering wheel; 

an electric assist motor having a shaft rotatable 
about a second axis spaced along said rack 
from the first axis; 

a second pinion in engagement with said rack 
and rotatable about said second axis by said 
motor; and 

a speed reducer connected between said mo- 
tor shaft and said second pinion, said speed re- 
ducer comprising: 

a housing having a plurality of internal gear 
teeth disposed in a circular array centered on 
said axis; 

a first drive gear disposed radially inward of 
said gear teeth on said housing, said first drive 
gear having external gear teeth in meshing en- 
gagement with said internal gear teeth on said 
housing; 

an eccentric drive bearing disposed radially in- 
ward of said first drive gear and supporting said 
first drive gear in said housing for orbital move- 
ment about said second axis, said eccentric 
drive bearing being fixed for rotation with said 
motor shaft about said second axis; 
an output member supported in said housing 
for rotation about said second axis, said second 
pinion being fixed to said output member for ro- 
tation with said output member about said sec- 
ond axis; and 

means for effecting rotation of said output 
member about said second axis in response to 
orbital movement of said first drive gear about 
said second axis. 

9. A steering system as set forth in any of the preced- 
ing claims wherein said motor includes a housing 
which at least partially encloses said speed reducer, 

and/or wherein preferably said means for ef- 
fecting rotation comprises an array of drive pins 
on said output member which project axially in- 
to drive openings in said drive gear, said drive 
openings being larger than said drive pins, 

and/or further preferably including a rack hous- 
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ing at least partially enclosing said rack, said 
output member being supported for rotation in 
said rack housing, 

and/or wherein preferably said drive gear is 5 
made from plastic, 

and/or further preferably including a second 
drive gear spaced axially from said first drive 
gear, each one of said first and second drive 10 
gears having a center of mass eccentric from 
said second axis, the center of mass of said first 
drive gear being offset 180 degrees about said 
second axis from the center of mass of said 
second drive gear, is 

and/or further preferably including a set of mov- 
able gear teeth formed on an outer periphery of 
said drive gear, said movable gear teeth num- 
bering one less than said internal gear teeth on 20 
said housing, 

and/or wherein preferably said output member 
rotates once about said second axis for each 
twenty-nine rotations of said motor shaft about 25 
said second axis. 

10. An electric power assist rack and pinion steering 
system for a vehicle having steerable wheels mov- 
able upon rotation of a vehicle steering wheel, said 30 
system comprising: 

a rack movable linearly to effect steering move- 
ment of the steerable wheels of the vehicle; 
a first pinion in engagement with said rack and 35 
connected with the vehicle steering wheel for 
rotation about a first axis to move said rack lin- 
early in response to rotation of the vehicle 
steering wheel; and 

an electric assist motor having a shaft rotatable 40 
about a second axis spaced along said rack 
from the first axis. 
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